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iHORT COMMUNICATION 

Characterization of a porcine variable number tandem 
repeat sequence specific lor the glucosephosphate 
isomerase locus 

\ ■ 

W. DA VIES, S. KRAN, *T. KRISTENSEN & I. HARBITZ 

Department of Biochemistry, Norwegian College of Veterinary Medicine, Oslo, 
Norway and * National Biotechnology Centre, University of Oslo, Oslo, Norway 

Summary. A variable number of tandem repeat from a porcine glucosephosphate 
^ isomerase intron has been isolated and sequenced. The repeat has a unit size of 39 bp, 
highly conserved and is .present in at. least 14 copies. Flanking sequences show a 
l^equence periodicity of 53^54 bp and some sequence homology to the 39 bp repeat; A 
considerable part of ^he genpm^ lost during subcloning and is 

c^^nsidered to be deletion prone or refractory to propagation in £. co/i. The tandem 
repeat is locus specific and detects at least six alleles in BamHl digested porcine: 
DNA. No homology to other taiidem repeat sequences has been found. 
fTo^K^orrfs; pordne, chromosomc,6i,glucosephos 

Manj^DNA sequences consisting of short (9-^ bp) motifs present in multiple copies 
and aitayed in tandem have been described, first in human DNA (Bell a/. 1982; 
Jeffreys et dL 1985a; Nakamura et aL 1987) and later in other mahimalian and aviaa 
genome^i (Jeffreys a/. 1985a; Vassart et ai, 1986). These sequences have been 
termed 'minisateilites\ (ieiireys et aL 1985) or variable number tandem repeat 
sequences (VNTR) (Nakamura etaL 1987). Variation in the nunriber of repeats gives 
rise to allelic variation which can be detected by Southern blotting using the repeat or 
flanking sequence as probes. The high degree of heterozygosity seen with tandem 
repeat DNA probes has made them extremely useful genetic markers. Some tandem 
repeats show homology to other loci, so one sequence can hybridize to several 
different loci; giving rise to 'genetic fingerprints' (Jeffreys etal. 1985a). One porcine 
*minisatellite' sequence . which detects 'fingerprints' at low stringency has been 
characterized (Coppieters etaL 1990). This work describes a porcine 'minisatellite' 
which is locus spedfic. , ^ , 

A 6-kb Pstl fragment was isolated from iambda GPI8 (Davies et al: 1988) and 
subcloned in pSKM13 (Stratagene) to give pGPIP. The plasmid pGPIP was digested 
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to ccuiplcticn with Notl or Xho I and the ends protected by 'Klenovv' filling v;:th thio 
deoxy nucleotides. The Notl and Xhol cut plasmids were digested with Spnal and 
EcoKl, respectively, prior to the generation of ordered deletions using Exonuclease 
III and SI nuclease, as described by the supplier of the kit used (Pharmacia, Uppsala, 
Sweden). The deletion plasmids were recircularized by ligation, transformed into £. 
coli XLl-Blue (Strategene, La Jolla, C A, USA) and selected on LB ampicillin plate? . 
Mini-preps were prepared by standard methods (Bimboim & Doly 1973). The extent 
of the deletion was determined by running Pvu II digested plasmid on 1% agarose gels 
with HindlU digested lambda size markers. > 

Manual sequencing using plasmid DNA was carried out using T7 polymerase 
according to the instructions of the supplier of the kit used (Pharmacia). Automated 
DNA sequencing was as described by Kristensen et aL (1988).^ IThe products were 
analysed and the sequence was derived using an instrument constructed at HMBL, 
Heidelberg, Germany (Ansorge etaL 1986, 1987). DNA sequences were aligned and 

: analysed using dnasis software (Hitiashi America Ltd, San Bruno,:GAv USA). 
; ; Genomic DNA^ was isolated frpm EpTA^reated^^ W^ from Norwegian 
Landrace pigs by standard methods (Miller er a/. 198$); J])NA:w 
Bamlil, separated on agarose gels and transferrecl ltovH^ 

(Amersham, Amershai^, Bucks, U Prehy- : 

bridization and hybndizatiba^^w^ manufac-: 

, turer's recommehdatiohs. Fflters^w^^ washed, three times in 2XSSe,\0rit% SDS at 
55**G or eS^'C, low and high stringency, respectively, with a final wash in 0-lXSSC, 

, 0-l%r Sps at dS^'C for high stringency was^ Filters were exposed tp,X-Omat film 
(kodak) for 12--36h with inten^^ . ,k ( j 1^ 

I The tandem repeat hybridization probe was prepared by Pvu II digestion of a 
deletion clone pPDOS -J- Separation ^ of = the rele vaht/DN A \band was! done ? by ' 
preparative low melting 'poiht agarose gel : elettrdpto using 
'Geneclean' (BIO 101, La Jolla, Galifbrhia); Radioactive labelling was carried out by- 
the random priming method (Fejhberg £ V - ^ , - V 

: The tandem repeat (Fig: 1) consists of a 39 bp unit present in near peifect repeats i 

^ Figure 1 shows 8 units of the repeat. More havetin facn been seque^^ but these are 
not detected as individual units by the sequence align software, which treats 
perfect repeats as overlapping sequences. ^^1^^ is further supported by the 
autoradiographs from the manual sequencing which show that the repeat pattern, 
^asily recognizable by the 3' CCCTGGG 5' motif, is present in at least 14 copies iU: 
one clone (data not shown). Lastly the sizes of the cloned inserts containing the 39-bp 
repeat were estimated, by restriction digest analysis (results not shown), to be in the 
region of Ikb. Flanking sequences consisted of diverjgent repeats with a 53/54-bp 
periodicity. All subclone sequences were positioned according to insert size and 
sequence homology to overiapping clones. Several clones could not be linked to the 
sequence. This was not in accordance with the insert size data which indicated that 
link-up should have been detected. These results would imply some form of 
rearrangements or deletions during subcloning. Only sequences for which a number 
of overlapping clones are available and for which insert size correlates are presented 
in Fig. 1. 
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5' TAGAGCTAGC CCATCAAGAA ACAGCTGGAG GAACCAGGGT TAGAGACAGG 
- TAGGTGGAAC TGGTCTGCTT TGTATGCTCC A 

AGGACCC&GG GTCATGTACH GGTAGGCAGA GCTGGTCTG 
A6GACCCA6G 6TCTTGTACA GGTAGGCAGA GCTGGTCTG 
AGGACCCAGG GTCTTGTACA GGTAGGCAGA (3CTGGTCTG 
AGGACCCA6G GTCTTGTACA GGTAGGCAGA GCTGGTCTG 
AGGACCCAGG GTCTTGTACA GGTAGGCAGA GCTGGTCTG 
^ I AGGACCCAGG GTCTTGTACA GGT-66CAGA GCTGGTCTG 

AGGACCCAGG GTCTTGT-CA GGTAGGCAGA GCTGGTCTG 
AGGACCCAGG 6TC6TGTACA GGT 
■ - - ' VV ' " , ^" TGGTA GAGTTCTCCC ATCAGGTGTG GTCTGAAGAC 

'■V ' ■\; cAgggtcaag CCACACAGGT AGGTAGGGTT GGCCCCTGAG :GTATGGTTGG; 

• .AUGAGCCAGG GTCAGAGACA GGTaGGCAGm GCTGGTGTGC.TAGGAATGGT 

• ' ;...CTGAAGAGCC Ai?VGGGTCATG TACAGGTAGG-.TGGAGGTGCT CTACGAGGTA''. 

Jfr ■ ■ ..r.TGCTCTC^^^ AGGCAGAGCT'tGTTT^ 
. : ■ ..:(: . -,TTATGGTCTG ATCTCCC^GG GTCATGTACA GGTAGGTAAG . AGTGGGCCTA -v ; \ 

' ' Yr TCAGGGATGG TCTGAAGAGG. :CAGGGTCAAG CCACGCA; 3' . ^v ^ ■ ; . * 



. . Corisehisus " [ . [ ' ' - • ■ ' 

AGGACCCAGG .GTCTIH^TACA GGTAGGCAGA GCTOT^ 

ficore 1. DN A sequence from the glucosephosphate isomerase intron fX)ntaining the near perfect^and^ . 
' repeat;(in boId typc):^ ; ' ^-r*'^'- " y ^-^ ' : . ■ - n/' y..-f\'\.'^-'^if-^. 'r-.^^ ':\rv'i<'': ■ 



* V The 39-bp tandem repeat does not show homology to ' the 15/18 bp repeat 
described by Coppiete;ri5 et ai (1990) nor the *core' sequences of other- tandem 
repeatsi (Nakumura fr a/. 1987; Vsissart era/. 1987; Jeffreys era/. 1985b), ■ 
' The clone detects a polymorphism of at least six alleles in Southern blots (Fig. 2). 
The frequencies of the different alleles in 25 unrelated pigs Wjere: allele 1 (3-8kb) 
016, allele 2 (30kb)004, allele 3 (2-8 kb) 0-20, allele 4 (2-7 kb) 012, allele 5 (2-6kb) 
0-28 and allele 6 (2-4 kb) 0-16. Menaelian inheritance bas been demonstrated in 
'several families (results not shown). 

A high background was obtained at low stringency washing but no indication of 
multiple bands was detected. 

In a gene mapping context, a useful marker for the centromeric region of 
chromosome 6 has been isolated. The presence of this tandem repeat has previously 
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Flgarc 2. Autoradiogram cf Southern blots of BamUX digested pig DNA hybridi/cd mW\ ihc laudcin 
repeat probe pPDOS. Unes 1 to 12 are DNA from unrelated individuals. The different alleles are 
indicated at the right hand side. 

been described (Davies e/ 5/, 1988) and other RFLPs for the GPI locus reported^ v ^ 
(Brenig et aL 1990a,b; Ari^iba^^^ & Bowden 1991). However, the probe pPDOS ^ :> 
detects bands in the 2-4 kb size range, conipared to6-9kb previously publishe^^ l^^^ ' 
increases the degree of respluison a^^^^ the detection of at least six dldeW,^^- 
increasing the infbrm^ibn ^»nt^^^ - . . : 
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